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against a tissue reference standard for sGAG have been performed. The
aim of this study was to assess the correlation of in-vivo dGEMRIC and
T1rho-mapping outcomes in osteoarthritis patients with cartilage sGAG
content determined using an ex-vivo reference standard.
Methods: We analyzed data of 12 patients from an ongoing study in
which knee OA patients (Kellgren and Lawrence grade 2–4) undergo
dGEMRIC and T1rho-mapping at 3T before total knee replacement
(TKR). T1- and T1rho-values of both scans were calculated in 6 cartilage
regions (medial and lateral weight-bearing (WB) femoral condyles and
tibial plateaus and non WB cartilage of the condyles) (Fig. 1). Femoral
and tibial cartilage was harvested during TKR and rescanned with
contrast-enhanced microCT (CE-uCT), which served as reference
standard for sGAG since it has been shown to accurately measure sGAG
content. We analyzed the correlation between T1- and T1rho-values
and CE-uCT outcomes with linear regression.
Results: T1- and T1rho-values ranged between 280–834 ms and 31–53
ms for dGEMRIC and T1rho-mapping respectively throughout the
tibiofemoral knee joint. dGEMRIC outcomes had a strong negative
correlationwith reference CE-uCT X-ray attenuation, representing sGAG
content of articular cartilage in the femoral cartilage (r ¼ -0.75; p <
0.0001; 95%CI¼ -0.86 - -0.58), in the tibial cartilage (r ¼ 0.71; p <
0.0003; 95%CI ¼ 0.88–0.41) and in the tibiofemoral cartilage (r ¼
0.72; p< 0.0001; 95%CI¼0.83–0.58) (Fig. 2A). T1rho outcomes did
not correlate with cartilage sGAG content of articular cartilage in the
femoral cartilage (r ¼ 0.02; p ¼ 0.91; 95%CI¼ 0.30–0.33), in the tibial
cartilage (r ¼ 0.09; p ¼ 0.70; 95%CI ¼ 0.53–0.38) and in the tibio-
femoral cartilage (r ¼ 0.03; p ¼ 0.85; 95%CI ¼ 0.28–0.24) (Fig. 2B).
Fig. 1. Cartilage regions of interest in which outcomes of dGEMRIC, T1rho-
mapping and contrast-enhanced microCT were analyzed.
Fig. 2. Correlation plot of outcomes of dGEMRIC and contrast-enhanced
microCT (A) and correlation plot of outcomes of T1rho-mapping and
contrast-enhanced microCT (B) in the tibiofemoral joint. The dashed linesrepresent the 95% conﬁdence interval of the linear regression.
Conclusions: Our preliminary results suggest that dGEMRIC can accu-
rately measure articular cartilage sGAG content, whereas T1rho-map-
ping is not suitable for this purpose. Therefore, despite the need to use a
contrast agent, we consider dGEMRIC to be superior to T1rho-mapping
for quantitatively measuring cartilage sGAG content.
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SEX RELATED DIFFERENCES IN MRI FEATURES BETWEEN TWO
ETIOLOGICALLY DIFFERENT OSTEOARTHRITIS SUBPOPULATIONS:
DATA FROM THE OSTEOARTHRITIS INITIATIVE
R. Roze, S.M. Bierma-Zeinstra, E.H. Oei, J.H. Waarsing. Erasmus MC,
Rotterdam, Netherlands
Purpose: The observed heterogeneity in osteoarthritis with respect to
e.g. risk factors, symptoms, affected joints and progression, gave rise to
the idea that OA is in fact a collection of distinct disease subtypes. In this
study we explored whether two etiologically distinct subtypes of knee
OA with equal radiological OA severity, differ in osteoarthritis features
as seen on MRI. The subtypes comprised a group with metabolic syn-
drome and a group of lean physically active subjects.
Methods: From all subjects of the Osteoarthritis Initiative (OAI) inci-
dence subcohort, who had a KL score  2 in at least one knee at 48
months follow-up, we included two groups of 50 subjects, matched for
KL score. To be included in the metabolic syndrome group subjects
needed to have a BMI > 30 kg/m2 or abdominal circumference >94 cm
for males or >80 cm for females. Further, 2 out of 3 of the following
criteria needed to be present: hypertension (RR > 130/85 mmHg or use
of hypertension medication), insulin resistance (reported high blood
sugar or use of diabetic medication) or dyslipidemia (use of lipid low-
ering medication). Inclusion criteria for the physically active lean group
were a BMI < 25 kg/m2 and a Physical activity scale for the elderly
(PASE) score  2, which indicates strenuous sport/recreation activities.
MRI scans made at 48 month follow-up were requested for these sub-
jects from the OAI database, and one randomly selected OA knee from
each subject was scored using the MRI Osteoarthritis Knee Score
(MOAKS).
Results: The metabolic syndrome group consisted of 28 females and 22
males with an average age of 63.4 years while the physically active lean
group consisted of 37 females and 13 males with an average age of 61.3
years. Scores for bone marrow lesions (BMLs), and cartilage damage
were consistently higher in most of the knee compartments in the
metabolic syndrome group, but only for females and only signiﬁcant for
cartilage damage. In the lateral tibia, however, scores for BMLs and
cartilage damagewere lower in themetabolic syndrome group, for both
sexes. Osteophyte scores were higher for all compartments in the
metabolic syndrome group, irrespective of sex, though these differences
were only signiﬁcant for a few compartments in females (see Fig.).
Scores of meniscal tears and Hoffa synovitis were signiﬁcantly higher in
the physically active lean group while high prepatellar signal was more
often seen in the metabolic syndrome group, especially in the females.
Conclusions: Metabolic OA and OA related to physical activity showed
clear differences in MRI OA features, depending on sex and knee com-
partment. Intriguing is the difference between men and women in the
pattern in which cartilage damage and BMLs are distributed over the
compartments (see Fig.). This is suggestive of differences in bio-
mechanics of the knee between the sexes, which have been shown to
underlie the higher prevalence of patello-femoral problems in women.
The fact that metabolic syndrome is associated with worse scores in
women but not in men might be attributed to differences in fat dis-
tribution. Fat in females is deposited mostly subcutaneously, while
males have more visceral fat. The subcutaneous amount of fat is related
to leptin levels, and interestingly, leptin levels have been shown to
inﬂuence OA, especially in women. Another interesting ﬁnding is that
osteophyte scores behave differently than scores for BMLs and cartilage
damage, in that the distribution over the compartments is less pro-
nounced, and that scores are higher in the metabolic syndrome group,
for both sexes. This suggests that the etiological process for osteophyte
development is at least partly independent from the processes that
inﬂuence cartilage damage and BMLs. In conclusion, these results
suggest that different etiological processes in knee OA do lead to dif-
ferences in structural degradation, which is probably modulated by
biomechanical loads in the different compartments of the knee.
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NON-CONTRAST DIFFUSION WEIGHTED IMAGING FOR THE
ASSESSMENT OF KNEE SYNOVITIS: A COMPARATIVE STUDY
AGAINST CONTRAST-ENHANCED MRI
E.H. Oei y,z, E.J. McWalter y, B. Sveinsson y, M.T. Alley y,
B.A. Hargreaves y, G.E. Gold y. y Stanford Univ., Stanford, CA; z Erasmus
MC, Rotterdam, Netherlands
Purpose: Over recent years, attention has turned to the importance of
synovitis in osteoarthritis (OA). Synovitis, characterized by thickening
of the synovial membrane and joint effusion, is believed to play a sig-
niﬁcant role in the pathogenesis of OA, and is regarded as a potential
target for novel treatment strategies. The current reference standard for
imaging of synovitis is contrast enhanced magnetic resonance imaging
(CE MRI) which is associated with higher costs, elevated risks, and
prolonged scan times compared to non-contrast enhanced MRI exams.
A modiﬁed version of the novel three-dimensional (3D) double echo
steady state (DESS) sequence can be exploited to image synovitis
without contrast agents by increasing diffusion weighting and thereby
improving contrast between the synovium and the joint ﬂuid. The
purpose of this study was to compare DESS with contrast-enhanced
MRI for knee synovitis assessment.
Methods: Nine individuals with symptomatic inﬂammatory arthritis of
the knee underwent a 3.0T MRI examination. The protocol consisted of
routine clinical sequences followed by the modiﬁed 3D DESS sequence
(sagittal acquisition with axial reformats; matrix 256  256; ﬁeld of
view 16 cm; slice thickness 3 mm; acquisition time 5:00 minutes)
acquired with a high diffusion gradient (10 cycles/voxel) and contrast-
enhanced (CE) T1-weighted imaging (sagittal and axial; matrix 384 
256; slice thickness 3 mm; acquisition time 4:30 minutes). DESS and CE
MRI images were scored independently and in random order by a
blinded musculoskeletal radiologist. The presence and severity of syn-
ovitis was graded at 11 joint sites and a whole-joint sum score was
calculated according to the recently published semiquantitative scoring
system by Guermazi et al. Diagnostic performance statistics were cal-
culated on the site and patient levels andwhole-joint synovitis scores of
DESS were correlated with those of CE MRI (reference standard).
Results: Compared to CE MRI, DESS showed good to excellent diag-
nostic performance for the detection of synovitis of any severity (sen-
sitivity, speciﬁcity, and agreement of 81, 85, and 83%, respectively, on
site level; and 100%, 100%, and 100%, respectively, on patient level) (see
Fig. 1 for illustrative example). DESS, however, systematically under-
estimated synovitis severity compared to CE MRI (74% absolute scoreagreement analyzed by site). Excellent correlation was found between
summed whole-joint synovitis scores of DESS and CE MRI (Pearson’s
correlation coefﬁcient 0.87 (p ¼ 0.002), intra-class correlation coef-
ﬁcient 0.86 (95%CI 0.49–0.97)) (Fig. 2).
Conclusions: Our results suggest that diffusion weighted imaging with
a modiﬁed 3D double echo steady state (DESS) sequence acquired with
high diffusion gradient is a promising MRI technique for the reliable
diagnosis and (semiquantitative) grading of knee synovitis without the
need for contrast agents. DESS may be a useful sequence to include in
MRI protocols for the comprehensive assessment of OA with reduced
costs, risks, and scan time compared to contrast enhanced sequences.
Fig. 1. Severe degree of synovitis visualized in the para- and suprapatellar,
intercondylar, and posterior cruciate ligament regions (arrows) on CE MRI
(left) and DESS (right).
Fig. 2. Correlation plot of summed whole-joint synovitis scores of DESS
vs. CE MRI.
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QUANTITATIVE T1r, T2 AND T2* MAPPING OF ARTICULAR CARTILAGE
CHANGES IN A RAT MODEL OF OSTEOARTHRITIS USING IN VIVO
HIGH-RESOLUTION MAGNETIC RESONANCE IMAGING
G. Mohan y, G. Melkus y, K. Subburaj y, S. Magnitsky y, A. Dang z,
N.E. Lane x, S. Majumdar y. yDept. of Radiology and BioMed. Imaging,
Univ. of California, San Francisco, San Francisco, CA; zDept. of
Orthopaedic Surgery, Univ. of California, San Francisco, San Francisco,
CA; xDept. of Internal Med., Univ. of California at Davis Med. Ctr.,
Sacramento, Sacramento, CA
Purpose:Magnetic resonance imaging (MRI) has become a key imaging
tool in osteoarthritis (OA) research due to its ability to visualize bone as
well as soft tissues such as cartilage, ligaments, menisci and synovium.
Cartilage matrix degradation is a characteristic feature of OA and
compositional MRI can assess early biochemical (proteoglycan and
collagen content) and structural changes in the cartilage. Quantitative
MRI techniques such as T1r, T2 and T2* were shown to provide accurate
